INTRODUCTION
The high radiosensitivity of the mammalian thymus was recognized as early as the beginning of this century." Kallman and Kohn,2' judging from the organ weight changes, reported the thymus to be even more sensitive than the spleen. Thymus weight reduction after irradiation has been reported by several workers.'," Other radiation-induced changes observed in the thymus include depletion of lymphocytes,5-" pyknosis, karyorrhexis and karyolysis. 8-10' Since the discovery of radiation protec tion by cysteine,'1' a large number of chemicals have been tested to find out their protective action on the biological systems both in vivo and in vitro. Chemical pro tection of thymus in mice by MEA, taking organ weight change as the parameter, has been reported by Gerebtzoff and Bacg12' and Peterson and Dubois.1" Observa tions on the lymphoid tissue and organs like spleen and thymus indicated an ac celerated regeneration of these structures by MEA12,14, and glutathione. 15 All these drugs give maximum protection when given in large doses which are toxic to the organism, which render them inapplicable in clinical studies.
Recently Sugahara and his colleagues' 1,171 have described a new synthetic compound, 2-mercaptopropionyl glycine (MPG), which is a potent radioprotector, effective in doses much below its toxic dose both in mice and man. To the best of our knowledge, there is no re ported work so far on the protective effect of this drug on the lymphatic organs in mammals.
Hence the present study is undertaken in order to evaluate the role of MPG in modifying the radiation induced changes in the thymus of Swiss albino mice.
MATERIALS AND METHODS
Normal adult male Swiss albino mice from an inbred colony were used in all the experiments.
The drug, 2-mercaptopropionylglycine, was received from the Santen Pharmaceutical Co. Ltd., Osaka, Japan, in the commercial name Thiola. For injec tion in the animals, the drug was dissolved in distilled water and the pH was adjusted to 6.5 by the addition of 0.1 N sodium hydroxide and diluted to give a concentration of 1 mg/ml.
Sixty animals, about 6-8 weeks old and weighing 25 g on the average, were selected and divided into three groups of 20 each. Groups I and II, which will be referred to as Experiment I and II hereafter, were injected intraperitoneally with MPG at a dose rate of 20 mg/kg body weight, 30 minutes before and 30 minutes after irradiation, respectively.
A third group, which served as control, received distilled water (volume equal to that injected in the experimental groups) in the same manner 30 minutes before exposure.
All the sixty animals were subjected to irradiation from a Cobalt-60 source so as to receive 500 R in 19 minutes.
The animals were then removed from the source, autopsies were done at postirradiation intervals of 12, 24, 48 and 72 hours, 2 and 4 weeks by cervical dislocation and the thymus was fixed in Bouin's fluid. At least three animals were sacrificed at every interval.
Five micron thick paraffin sections were prepared, stained with Harris haematoxylin and eosin and the histopathological changes were studied. The experiment was repeated for confirmation and the weight of thymus was also determined in all the groups from animals autopsied at 12, 24 and 72 hours and 7, 14, 21 and 28 days.
All the animals were fed on standard mice feed, received from the Hindustan Lever Ltd., New Delhi, India, and water was given ad lib.
RESULTS
None of the animals in the three groups exhibited any signs of radiation sick ness "after exposure to 'DOOR gamma radiation.
Thymus weight: Changes in the weight of thymus at various intervals in the three groups are shown in the Table 1 . There is a marked decrease in weight in all the groups, which reached a minimum by the third day, after which there was a gradual increase -in weight. The weight in the control group remained below normal even at 28 days, whereas in both the experimental groups there was an increase above normal.
In animals receiving the drug before irradiation the weight was brought to normal by the last interval, while in those in which the drug was injected after exposure the weight remained above normal at 28' days. Thymus structure: The observations on the thymus structure are as follows: Control (Animals receiving no drug) :
There is a drastic reduction in the number of small lymphocytes of the cortex at 12 hours after exposure.
The cortex is filled with nuclear debris and a few ma crophages with engulfed nuclei are seen (Fig. la) . The medulla is comparatively less affected and shows a normal structure except for a few pyknotic cells (Fig. lb) .
By 24 hours after exposure the number of small lymphocytes in the cortex is considerably reduced and the whole tissue is strewn with scattered nuclear debris. Macrophages are seen in the medulla also, but the cortex contains more macrophages than the medulla (Fig. 2) . The latter shows more damage as compared to the pre vious interval; haemorrhagic blood vessels can be observed in certain regions. By 48 hours, the tissue is cleared of most of the debris, but a few pyknotic cells and macrophages are still present in all parts of the tissue. The cortex consists mainly of reticular cells and a few large and medium-sized lymphocytes, very much resembl ing the medulla in cell population (Fig. 3) . The medullary region can be identified only by the presence of Hassal's bodies, which seem to be radioresistant.
The next interval also shows a similar picture and the cortex cannot be demarcated from the medulla.
At this interval, i.e., 72 hours after exposure, the removal of nuclear debris is virtually complete, although a few pyknotic cells and macrophages can still be identified.
The cortical region is occupied mainly by large, round reticular cells and a few medium and large lymphocytes (Fig. 4) . There are clear signs of. recovery at 2 weeks after exposure.
The thymus shows a highly. populated outer region with a less cellular central part, but the demarcation between cortex and medulla is still not clear at this interval (Fig. 5) . The recovery is nearly complete by 4 weeks after irradiation with the thymus showing a distinct cortex and medulla (Fig. 6 ).
Experiment I (Drug administered before exposure) : The thymus structure at 12 hours after irradiation is very much similar to that Magnification: x400 of the control of the same interval.
There is a considerable reduction in the number of lymphocytes of the cortex which is full of nuclear debris. At 24 hours the thymus when viewed under low power does not seem to differ from that of the control. But at higher magnification, the medulla looks more densely populated than the cortex. Most of the debris from the cortex has been removed, although a few lingering macrophages are still to be seen (Fig. 7) . The cortex at this interval appears more like the control cortex of 48 hours postirradiation interval (Figs. 3 and 7) . By the next interval, i.e., 48 hours, both the cortex and medulla are cleared of debris and the organ contains mainly of reticular cells, medium and large lymphocytes and a few macrophages (Fig. 8) . Recovery from mitotic inhibition is indicated at 72 hours and the thymus contains a large number of dividing cells both in the cortical and central regions (Fig. 9) . The lymphocyte population is increasing and the cells are uniformly distributed in the tissue. Recovery is complete by 2 weeks after exposure, with a clear demarcation between the cortex and medulla (Fig. 10) . The histological structure at this interval is very much similar to that of the control thymus at 4 weeks postirradiation.
At the last interval studied, i.e., 4 weeks postirradiation, the cortex cell popula tion is more dense than at 2 weeks (Fig. 11) and the thymus structure cannot be distinguished from normal unirradiated tissue (Fig. 12) . Magnification: x 100.
Experiment II (Drug administered after exposure) : At 12 hours after exposure, the structure of thymus is very much similar to that of 12 hour control.
At 24 hours, the cortex shows nuclear debris, pyknotic cells and macrophages, but the debris is lesser than in the control of the same interval. At 48 hours the cortex and medulla look very much similar in structure.
The cortex contains large, round reticular cells and medium and large lymphocytes.
The medulla shows a larger number of small lymphocytes as compared to the cortex.
The num ber of pyknotic cells is more than in Exp. I of the same interval (Fig. 13) . The de bris is completely removed by 72 hours, although some pyknotic cells can be seen in all parts of the tissue. A few cells appear to have died in attempting division. No normal division stages are detected.
By 2 weeks, the thymus has attained an almost normal structure, but the demarcation between cortex and medulla is not so clear as in the same interval of Exp. I. Complete recovery is affected by the next interval studied and a normal structure with a clearly defined and densely populated cortex and a less cellular medulla is seen at 4 weeks (Fig. 14) .
DISCUSSION
The present observations show a drastic reduction in the number of cortical lymphocytes after whole body exposure to 500 R gamma rays. This reduction is very clear at the earliest interval studied, i.e., 12 hours after exposure.
Our findings are in agreement with those of the earlier investigators.',','," After 12 hours the cortex and medulla appear very much similar in cell population and cannot be distinguished from each other in structure.
Hassal's bodies appear to be resistant to the present dose, which is also reported by Brecher et al." and Trowell.3'18' The large and medium-sized lymphocytes and reticular cells are not seriously affected.
Thus the small lymphocytes appear to be the most radiosensitive of the thymus cells. Accord ing to Trowell,13' the high radiosensitivity of the small lymphocytes of the cortex is related to a deficiency of cytoplasm and to a poor association with reticular cells on which the former are possibly dependent for their ATP, which is transferred to them from the reticular cells which are radioresistant. This hypothesis can be applied to the present observations: the medullary region which has a lesser number of small lymphocytes and a large number of reticular cells exhibits considerably less damage than the cortex which contains relatively fewer reticular cells and a dense population of small lymphocytes.
Murray16' has reported that the recovery of thymus starts around one week after whole body irradiation with 500 R of X-rays. The reconstitution of normal structure may take about a month or more." ' The present observations that the normal structure has not been completely reestablished at 4 weeks in the control group is in conformation with these findings.
Although there is an increase in weight, the normal thymus weight is not attained even at 4 weeks after exposure.
The drug, MPG, provides considerable protection to the thymus tissue, especially when administered 30 minutes before irradiation.
This protective action is manifested in an early recovery from mitotic inhibition as indicated by the appearance o a large number of dividing cells as early as 72 hours after exposure.
Also there is an early clearance of debris from the cortex and by 48 hours after irradiation most of the debris is removed and the macrophages are withdrawing.
By two weeks the normal thymus structure is regained in this group and the 4 week picture is the same as that of normal unirradiated animals. Weight changes also are in accordance with the changes in histological structure and normal weight is restored by 4 weeks post irradiation.
MPG, when given 30 minutes after exposure, is not so effective; a slight protec tive action is indicated and the surviving lymphocytes show an attempt at division at 72 hours postirradiation, probably a reflection of an early reccovery from mitotic inhibition.
A study of the intervening intervals between 72 hours and two weeks may show normal mitotic figures leading to an acclerated regeneration as compared to the control. The normal structure is regained by 4 weeks after irradiation.
Thus the present study shows that the protective action of MPG may not be at the level of primary cell death but at the later stage of recovery leading to an early resumption of mitosis and an accelerated regeneration of the thymus tissue. An ac celerated recovery from radiation induced thymus weight loss by SH-protectors has been reported earlier. The present findings lead us to the conclusion that 2-mercaptopropionylglycine , when injected intraperitoneally at the dose level of 20 mg/kg body weight 30 minutes before exposure to 500 R gamma radiation, protects the mouse thymus leading to an early recovery of the tissue from the radiation induced cellular damage and a re stitution of the normal structure within 15 days after exposure. The mechanism of action of this compound in radioprotection
is not yet understood . It is presumed that MPG also acts in a manner similar to that of other SH-compounds like MEA , cysteine and glutathione.
Further work, with a view to understand the mechanism of action of this drug, is in progress in this laboratory.
